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We, Xlie Honourable Sir 

AiPESD QTJi2ffTiN CuLUBaiii,. and E^AWCis 
WiixiAiX GABDiTLra, all BntiBli bnbpects, 
R all oJ lieaton TVoyks >7 ewwustle-on- 
Tyue,- in tlxe Coiinty U Kortliiimli^Rd, 
do liersljy dei-.lare tlio nature of thxa iti- 
Tftntioii to b^. as f oHowft : — * , . , i • 
The ittvention relates io the blades of 
10 tmbines <ir the like, and pai-Ucii^ly to 
loeans for die prevenlioxi or reditction or 
ei-osioB. of 9uc]i blades- , , ^ , . 

Ill a stoam turbine Ibe blades mo»t 
liable to erosion a]fc "tlic moving bladeB 
i5 of tiie last or ioir^l pressure fitap or 
ste«^. Tnve^tigatjons iave led iia to ^6 
vie-F tlKit this eroadoix is due to tJie Lladea 
Btrikinff drops of water <rf <5ondenfiatioii m 
6U$pensioii in die aleam. At ilie low pre^ 
20 fiur^ obtaining in tile final fltagea of a 
tui^bine, the pteesTire drop gi-^ velocity 
to iLe Qteaiyi is Tery HXijJi ajid ^_ <mly 
capaHe of produein^ an almost nefijiffibio 
velocity of -flie water pai^ticles, wMle in 
25 nassixuflr tbrowffli Uxe short distance from a 
HvToi statiojiary blades to the adjaCftJit 
row of movi Aff blades, the -mioT particles, 
bt^nfia of thehr relatively s^&i jncrti^ 
aeqnire very Httle velocity fxojn t])G 
SO steam. Consequently, these paiUelea 
xeaoK the moving blades wiili a ocoapaxa- 
trvoly low veJocity and as a result they ate 
atruct hy tbe moving blades with a lela- 
tiTe velocity substantially equal to the 
35 citfiTimfertntial vdocity of the bkdca at 
the point of impact. Since the dtfectioxx 
o.£ the i^Uitive mcvement of the water 
Dartidee and ihe hlades is but alishtly in- 
dbied to th-a plane of rotation of the 
40 blades only a small portion of the .leading 
face near the inlet edge is li^^^l^ to thi& 
impact, the remaining poi-tion of that face 
bein^ $hielded bv the pxccedingr blade, • 
The relative direction wiih vj'hioh &Tlch 
45 watei partiDlcs Bfarike a blade, is each ^jba«, 
particuliarly in the ease of a reaction 
blad^, thfsre is a large component normal 
" "to'the surface of the blade at the pomt 
of impact, and whon the velocity ot im- 
50 pact ift suffitnently high the tvater-hajaTOcr 
pyftfflure reapulting from the impact inakea 
a fJDQsdl indentation on hlade. 
MoreoTc r^' ithaa been shown that when 



a space even a. very small space, contain- 
iji/waicr vapour at a very low pressure 55 
is enclosed by a liquid such as water, and 
the liquid ifl mo7in« towards the cavity or 
Bpacc^evenat a lowveLocity,tae coUapBiu^' 
of the cavity can set up ^oee d^gly lugh 
water-hammer presBures. Witli tuvW go 
blades operating in higrh vacuxim, such as 
the k3t row^ blade,^ of a condensing 
steam turbine, 3uch cavities can be «n- 
aosfid by an ineguUdy^Uaped drop of 
waterimpii*£ri^ffonthe«irf^ceof ablad^ ^5 
or by a drop movingr lomard^* and closing: 
tho mouth ol an indentation m the Waaa 
surface. When thifi occnts the 
of tha blad^ wUl be firabjected locally to 
the v^ry high ^ter-bommer preefim-e 
resulting f wooa tlie collapsing of the 

object of tbe preeeut invention ift 
to reduce or prevent the watei-haxnmer 
eroaive action above deecnbed. ^ 75 

The invMition consists b<oadly in so 
shaping tlie leading snrf aee& of the blades 
in the areas liable to Attack fifi to «iwiire 
breat up of the water particles without 
impairment, thus avoiding iha l^lawle ^ 
danLaffC- , 

Tho iBvention also conmat^ m eo con- 
structing ike soiovine turlnne blades that 
the parts which are liable to flttafc© th» in- 
condnff water particlfia havo no Burfaws ^ 
which arc pexpendicalar or subMantiaUy 
perpendiculaJp to the direction of move- 
ment of the hlades or to the direction of 
impact with the water partid^. 

The invention further consists in eon- 90 
<amotiiiff the blades with a series oi 
closely pitched flat projections o.t the inlet 
side parallel or suMjantidly^ p^allel to 
the direction of movcineat or the hlaaea. 

The invention fntOifir ocnsists m con- 9& 
^jtmcting blades ae in the preceding para- 
oi^ph with the leading ^dgee of the pro- 
Jccttons sharpened to^ inile odfifes or 
fornie<l asa scricB of points. 

In csarryinff ih© intention i»to eilect 
accordin? to one form, tiie blade ij3 tranB- 
versaJy • slotted at the inlet edge, ns by 
«av-eutting, the skts hciu^ closely 
pitched leaving- a aeries of comh-lite pro- 
lectionB, which axe flat and p«rpendiculaT 
\o the aine of lilie b^ade. The depth of 
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the slots iroin the Ivlat edge is prefei'ably 
such tlittt they estend Ihxouorli tlie por- 
tion of le^dinpc face UahU to erojiion by 
striking TOt€x particles. Th^ leudwi^ 
5 face of eadi projection is xein<3ved by 
bevftUing the edaea, Je&wJig a knif©-cdgr^ 
pointing m dii^ectioii of movement 
the bkds. Th& rooU cf tke slota or saw- 
cuts ai-e preferably rounded so as to 

10 reduce the likeliSobd. of craclra.. 

AltematiT^y the &I0I5 may be slightly 
i»iCliii<ed to ihe dixectioii of mofveTneni of 
•the hladei $0 that there is no diT^ei path 
therothixmgh in thfe ciijcnpoif erential direc- 

15 tion.- - - • „ . 

-in ordoT to xzduca th& bending eftect.of 
centriiugial ^orce -on the proiectjoiifl Ihcy 

c3, may-b<> inclined, with their tip& pcantinsf 
outwardly, the snrfacfia of the pro- 

20 i^cstiolis remaining: t&ngcutial or stihstaa- 
Idal^^ tSYigential *vrith zs&peet to tho azi& 
of theiotor. . . . ^ ^ 1 , 
» • O&astoad of ihn' slots, a sen<is of closely 

' ■ pitched holes may be ^jo^ded in thfr 

£5 ^Ude ancLtJbe holes ^dimtersRink on the 
leadinig f ac» so las to le^^ & Qeiite of knife 
^dgea or -points^ 

.. A& a; farther altexnativB the slots may 

' ' Y-shaped in cross .section^ and in some' 

30 cases Gie ohject -will he achieved by 
aerrating the portion^ of the blade to be 
piotectea with ^erratione following mare 

•j or ihe <X)n)xraT oi the, blade. 

- Indeed of pte^^idm^ ith'e eHoie or ihe 

j5 ^ito'in.the hladft itself, e. ^aejnber mcy be 
Attached to-tTie.hlade with ^iomb-like pro- 
ieotipns therefrom to function AB above 

.V described- With this foon the projeota^ 
or the can conveniently be made.Trifli 

40 large sarfacee boanding the elots- They 
may be niode of <v drfif^rent material frgm 
iJa-t of tie bladci and they axe pref eyahly 

1; BO, ittiiched 4hat they cm be -readiST re- 
mb^P^ed^d/or replaced. .- . 

-ftS - As- an alCernetive to the rmiA«diatcly 
preceding' coxuTtrtietion . the tnfixabex for 
attachment b the hlades oaay.he noads pf 
a series 'Of thjn jdatee of m&tal^ alterakate 
plAtee having' -.the Tcqnired pxojeofazis 

£4> porlaoii*, ^nd lBa T^hnle held toge&er by 
xiv4te or qthiser. snitabla^ -meane. 

Tins ie'-& pturticiilarly convenient con- 
- ^traction for use ^tji tapeicd or twieted 
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bladea. If the laroinie are held to^^ther 
by a single rivet or pin xk^dlA&r tliroaffh 
ail of them, the variouft plates my he 
twisted on the pin. to accouunodatc ihem 
to the» contour of tbe blade. 

Blades oonstructed in ^eojrdance with 
this invention cannol striJ^e a ivaler 
particle with a snrlJace normal, to iho 
dii-ection of the impact and it is pra^- 
tioally -impossible, for. an irregularly 
Qhaped drop ot water to enclose a cavity 
on the surface of .a blade. Further, if 
^neh.a cs^vity. were ..f (^nnod* the.' water 
.■ffouLd h^ve s-iibsUntxally no velocity 
normal to the blade ffuxtace to cftuse the 
OoJJapsei of. the ca^vity thcreoi).. 

I£. a watcf particle ie .struck by one of 
the shai^ leading; o.dg^ of the pr0jeGtionS3 
it win he cut in two with- 
out ham to the proiection, . aaid the 
^ter will . Adhere to and. * aequips 
tie yelosaty of the blade, or <i considerable 75 
portion thereof, so that, it is then iTlcajv 
able of doin^ dama^ by impinging on a 
succeedinfir blade with high relative 
velocity. 

If tiie "wid-Oi of the sjace between 
adjacent projectionB is euffioiently sjnall, 
it will . be impossible for any but e^sceed- 
-ingly- small .water p^rtictea to pi>Sd 
through without adhering to the surfaces, 
and' these exceedingly small paxticles are 
least haxa^ul because of th^: small, mass 
aiid . heeausft . they ..miKre xeadily ac^aire 
epae'd Horn tl^ steam. . Por ine^iico^, a 
Terj. small, particle of water passiiff 
through o?^6 of the slots would im- 
mediately encounter ."^be .current ol steam 
tiering the next, bliade passage, «od be^ 
fore it could pas&iacross.to the next blade 
it \Poulcl acquire so mcuch veloci^ in the 
direcftioit of ,ti^ erteam flow that it would 
meet..tho..'suria<ic of th^ blade, at a com- 
payatively acute angle. 

MereoTCTy. when the slots are slightly 
inclined tq the. direction of jnovemeiit of 
iih&blade^.it wilJL be practtcally Impcsdbl^ lOQ 
for wy T7ater particles to pass tlijoagh 
ivithout adhering to the surfaces of the 
pxoiectzcma. 

Dated this SSiid dOT iif January, T930, 
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C03fPLETE SPECmCATrOIfl"- 
Improv«ment& rel^tixLg to St^ia Torbines. 



~"Wt, -The .HonoiiraHe Sir CiLiiajjKS 

3fei>Li:AJtf_gAft]0iflSi^ ^ Bijitifi^.Suhiecis, 
all' of BEefttou -.Works, iTewcastle-on- 
Tyne, in the Goimly of jicrlhttmherlpand, 



do.hcretiy deiaare the Twtii're of this in- iiO 
ventipn in what .xuanner. ihe same is 
to he xTcr formed, to .be ^axl^eulajrly de- 
ac?a^eJ^^anH''apceij2^e^ m and. by, the 
follO'v^ing sfcat'cment':— 
The invention relates to the hlade9 of 115 
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ot liie erosion of such blades, 
la a 6tea>n tnf bins the W 

Sf "Ilc iJTor lowest pressure stage. «r 

"^YnveBtia^tumu lave kd as to the yifw 
tkStThifl S^irioB is auB to tlx« blade* strJr- 

" '^peSnintie.1^. A* the low pr^s- 
stiw* TulSag in the final tos % 
bine, the pressure drop gi'wn? vdooity to 
?he-rteam^is very »maU «id is «.p^ble of 

•peStti-tigli the ehptt dieteiice from ^ 
lor^stfttioaary bl«ide.s to the edjaceat 
rS^ ol i^^off l.fedes, Iho Trater partides, 
2D h^use ol their iel»tiyely great laertia. 

O^eqxientiy. these particles rej^ th* 
movins blades urith a M»P»rativdyhm 
-vebci^ and as a reseat they ^^J^ 
9ts bTthe moving blades with a reaatrro 

f^atial -raloc% oi tie blaJee at the 

C xektiVe ttOT^ment oi the water 
30 oartides and the "blades is bxit slighiiy m- 
geSd to the plane rotat""? 

blades, wily & Sf^^'^ °P «\i^r: 
false near the iiilek <idge is h*Mj, 
impact, the reiwiimig porfatoa ot that 
36 fa« being sbielded by Bie precedwg 

^' relatavB direction «t which wob 
water particles strike a bkde is such ^at. 
^articiUrly in the case of a reaction 
40 blade, Oiere is a large ooMponeat normal 
*° to tl'e surtoe of €he Wide at-.thej)<«Jt 
of impact, and i^hsu .the /^eloaty d 
par^^sii&ciently high, it i^^^^f^^ 
the water-hammw pressaie r*siilhii§ from 
«5 tlia impact makeft a amtOl.iDdeatatiffli on 
the' Blade; ' • • - . i„ 

Moreover, it Ties been eho^ that _yJi«(i 
a spaM. even a very small Mwoe, pOJ«tem- 
in« water TOpour at a very low jxessnre M 

tlie liquid fe »0T^ .to^'S^.*'^^'*^^ 
at space, even at ft lo 



d5 



or 5p»ce, » low vel<^»ty, ttie col 

laDsinff Of tte e&vi% can- set iip cxcw^l- 

vacuum, siicli.s:B tlio lajt ;ol Mades. of 
a cOAHensuig st^ ttjiBpiC, sjicb canities 

dtop bf wdW impinsmg on iixe sxur^c^ of 
60 i'Bfaa^/or ^ a dro^. moviixff towards aajd 
iroaiig montli of an m?eiitati6ix la 

material ot m will subjected 

to tK^ very Mgh '<»atet-hamiswT pressure 
65 r^ttulting rrom the ooflapsc <rf the cavity. 



Th6 ol)jcct or the present mventiim i» to 
yftduec or prevent tli^ obderved erosive 

*^Thc inTention con^^ists hi'oadly in tur- 
bine blades, the leading surfaces ^ vhic^ 
or of *n attachmenl thjj^eto, xn p»e are«$ 
lifiJble to lattudfc are ao shaped iis to <airoTe 
br^k nip of ihft water particka, flius 
aroidinj? blade dojnage. . . - * 75 

Tlie inveniiott' also consiJjta m tur- 
bine blades or sttachments thereto, i>o 
constmetcd that the parts htXl^io slrflre 
th« M^atfer particles have Surface per- 
pemliouUi- or -SMbsWi^^lly p^raadicjuldr 
to the direction o£ niOT«ment of Ihfe blaow 
or" to the direction of impact irtth Ihft 
wat^r pai'ticles. • ♦v 

The invftntion also consista in tne OT- 
pTovod turbine blades and tijrbin€9 or 
tiijl)ine rotora ^.tted thexetvitli to be noro- 
jnafier desciibed or indioi-ad. 

Bcfcrrinff to .the acdompanyu^ <Ua- 
mnniaatie dxa^n^s : — ^ , . _ 

Eis^re.l shows a view of the end por- 9^ 
tion of a stondfitf^ reaction blade provided 
with a comlrtid edg^e, • 
' TiffTTO 2 beinff a croBB-section on tn© 
line 2r-2 of 1 showing two 

adjace)xt blades anid ' « 9& 

!Pi^e 3 a yiew of i^e blade as ^ax in 
the direction of the a*row A m figure 

'''Fiffiira U ahowa a view of a .sLCiil^ 
blade with the root of the comb mclwied ^q(^ 
at a suitable angle, 
fiftire i; being a croas^ciaon on tne 

Figures 6 and 7 {vre views warespond- 
iBff reapecSvely to Pi^e 4 and 5 of a 
Edified form m whioh both tii« rooi\and 
tbe edge bf the coinb ajJpe induiea at a 
suitable angle; 

' TiffisroB 8, 9 »nd 10 are viewe corre^ 

r«idinff respectively to Pigtt^& X, 2 and no 
of i modifi^d'f ojiii in whidi th« jtombed 
edtto is formed by a Beries a£'U-«««»ti6o^; 

S'igure& 11 and 12 are views oorr^pona- 
in>' respfiotively to .Fignrea 4 and O of 
JmiidiJied f onp of blade having U'S 
ajiflijiea iind tlie sides of the'c<nnb tftoi^ 
bdffea at right eagles to the direction of 
motion:; . ^ . . * 

;pi#friiTeB 13 ond 14 are saimiliti -Txewa m 
e irwSlifi^d form "vwih the root "and e^ge 
of the comb ihclmed and with the sides 
of the domb kwJfe^ed'iat right angles 
to ihA diiettion of iiiotion , 
• E^gttre** iB 'and 16 show Views cprjwks- 
poiding^r^aparfry^y 'to .3?i^rK 1 3 
of a blade i» wMdi the comb, is indiinea 12& 
upwdrflfe towaxd&' ilic drciimf^iVence ; ^ ' ". 

i^iffnre^ 17 and 18 show similtfir viewe 
of ft'bidde in which' the . coml> is iaoHned 
dowftfearde, in relation to the circum- 
ferenoe; 
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Figiirea 19 and 20 each jdlo;v yi&\y& o£ 
othei' modi/IcatLOU& of iadisied combs $ 

jFigiirKi? 21 and 22 are Ticws corres- 
pOTQiffag to i'igurcfl 4 and 5 of a icvm of 
g blade having tapered holea ; 

FigTnee 23 and 24 <xre aimilar views of 
a blade ha^ng clong'ated holes ; 

Hgures 25j 26, 27 and 28 show modi- 
^-cations o{ the blade shoTru in Eigisre^ 23 
10 £md 24, in which the -elongated holes are 
inclined ; 

3?igTire 29 shows a view of a blade 
having: a eoxnbed lo^alieed ehi^ld, 

Ifi^'ure 30 being- a cros^-section on the 
15 lino 30-^30 of Fi^ore 29 j 

EigTire 31 is a -view of a blade in which 
the combed edge is hnilt up fxom thin 
plate&, 

figure 92 being* a oioss-section on {be 
£0 line S2^2 of Pigpre 31 ; 

JTig-iire 33 i^ a view of a blade provided 
jTith a series of oblosf holes^ 

^gnre 34 bein^ a cross-scetion on the 
line 54^-34 of Eiffnre 33 ; 
25 Figurea 35 and 36 are views correspond- 
iu^ to ^iguxcs 33 laiLd 34 of a fo^ of the 
invention in which the oblong? jioles are 
set an an^Ie to the plane of rotation; 
lE'igures 37 and 38 ehow einiilar viev^ 
30, of a, modification of^ the form ^hown in 
' Fignres 35 ojxd 36 in which tho oblong 
holea are angled in ab diSerent directxen 
while finally 
Figure 39 etxfm tk vietr of a blade 
35 havinsr a combed ed^ and a shxond to 
foTTn nozzlee, 

Figure 40 bein^ a oozreapon^ding cross- 
s^tion on tha line 40-^0 of Fignre 39. 
The azFows^ B, in the difEereni ^^ures 
40 show the direction . of rotation of thd 
revelant blades while the nnmeral denot- 
ing a. eection line in any Pi^TiTe is the 
^ame ns tbe nxunber of the FigTire where 
. the section on that lino ie shown. 
& ' Where - deaiiAble * the Game lefcnmce 
symbols are used in the di&Qfent drawings 
io iadiisate corresponding parta^ 
.'. In carjryinff the iaveution into effect 
according to one ionn^ as ahown in 
50 Figures I, 2 and 3^ applied to a turbine 
reaction blade, -each rotor b3I«de of the 
lasL iibag last few rin§Q of bladea is 
transversely' elatt&d at the rear side of 
thd inlet edga a^ by saw-o,xiit[ng, the alots^ 
9S 5^ beinff closely pitched and leaving a 
sezies of co«ab-like projections or teeth, 
which are perpen£eul&r to the axis of 
the blade, ^he depth ol Ihe slole from 
the inlet edg^e ia preferably sneh tixat ih^ 
60 extend through th« partion of the lead- 
ing- face liablo t^ erosion by sitikinff 
water particles. 

• The leading Xace «oif each projection is 
rampvod hj^ bevelling the ed^ as shown 
^ at (2, BO as to leave «• knife-edge, ^, 



pointing iu the direction of the movement 
ol the blade. 

In I'iguie 2 the root o£ a slot, *6, is 
indioated a-^ 6^ while the Irmit of the 
bevelling/ is indicated at 70 

The roots, of the slots or saw-onts, 
may be pointed or alternatively they may 
be I'ouuded so ad to veduce tbe likelihood 
of clacks. 

Ie\ Figure 2^ two^adjacent bladfte, a, are 35 
shown with lincs^ /, /, the direction of 
which is found by con^ponnding the cir^ 
cuniiei^e^atieji vt^locity of tbe l>Iade tjpo 
with the axial vftlocily of the water 
particles^ these lines indicating iu a 80 
general manner the direction of impinge- 
iDent be I ween Wade *nd water partiel© 
and the part oi the blade liable to erosion. 

In i!^gui'e 2, it will be seen that part 
of the root of the sbts ie substantially 85 
normal to the dirGCtiou of imprngeTneot 
but according to the modi£eation ehown 
in Figures 4 and 5, the root^ b^, of th» 
slot is inclined to the direetion of ini- 
I5ingement so that by no possibility can a OQ 
particle of water stxike a noxmal aurXoca. 

In the form of blade shown in Figures 
6 and 7, before cutting the grooves, a 
flat, h, is fomed^ ae shown in Figure 7, 
parallel to the asis of the blade, the 95 
plane of the fat lying at en smgle to the 
direotion of impingement, while the root 
of the groove, 0^. is inellned at oboot ibe 
same a2]^le. 

Altei-natively, the teath may be given IDQ 
the alignment, Tij after the grooves have 
been cut. 

In Figures 8, 9 and 10, the slots or 
grooves take thd form of adjoining eeTra> 
tions, of «. U oro89-section, juxtaposed 105 
Bo ^is. to leave knife edges, as before, 
the serrations foUowing more or less the 
cOTitour oF the blade. 

In the modi&cation shown in Figures 11 
and 12, the root, of the grooves is in- ilO 
clincd to "ih^ direction of impingement^ 
while the llinit, of the beveDing lies 
nearly at ri^ht aoglea to the diTe0tio& 
ol inotion. 

In Figures 13 and 14, both the root jjUH 
ef tha grooves, h^, and the flat, or align- 
ment, /l^ are UMUined in Figure 7, 
whOe the limit (f*. of l^e bsveDiiig at 
£rst foUowe the inciinalaoix the flat, A^ 
and then runs snbstauti ally at light an^lea 120 
to the direction of rotation. 

In Figures 15 and 1(3, the grooves, 5, 
the planes a! which are parellel to the 
axis of rotation of the blades, are so 
disposed that the Ifnife-edgee point to- 12% 
xwitds the blade tips while similarly 
m Figures 17 and 18, the knife-edgea 
point towards the blade roots. 

In Figures 19 to 20, the grooTe?, &, „^ 
the planes of which are parallel to the 
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direr^tioii of motion o£ th& Ijkde tip> aro 
iDciined to the axis of rotation of . the 
hladcd in one rlircction or tne otner as 
shown. , 
g In 6t»nic caaes ae grooves, b, may Je 
UdiiiPtJ loLh to tho axis o£ rotation ol 
the blades dnd^ to the direction oi motioji 
the blade tips. 

Instead of th6 slote or errooveB. 0, a 
10 ^ries of cbsciy Itched holes; (sec 
Pi^Tes 21 22; liia^' l-e^l^xovided and 
thft holes nount(>.rfiuiJi, as sJ}"^; J'"i/*'^. 
. leadiii^ face &o a^S to leave a eeneft oi 

15 As a VnodiKcdtion of ihe last form of 
ilie ijivdntioii described, ^ instead of 
closely iiHchbd holes of citoiilaT fon». 
elonffated holefi; ihay be used as sho^'n 
iii iiftures 23 and 24- ^ . , 

M) In Figure 26; tiiinilai'ly elongatfed 
holes,- fli, .and In fi^y 2G holes ti,- nm 
^respectively xtpwai^ ^d do^'f^^^^ xn 

15 and JT: ti^HIe tjiei elongated holes, n , 
25 in FWfe 2T «ind Ti* in risrnxe ^.8, tan 
at angles con-csponding to tho ^rioox^R 
m rigirea 19 and. 20 respecfejdy. 

^ Instead of ll^iiixis iKe 

^ lite on tlLc body o£ the blade i±s|lf, a 

member, r. Is attached to Jte jOade; 

OS ehowA in i^'guxea S& tod 30, thi* m^xQ- 
fceini? provided with any ,snit^^ 
35 grcoVes, hoW or th6 like a« described 

^^S^Kffures 2$ and 30, the deiJtliaWe 
iis^b'er,- i& ali>fted in ffen^eral m 
l>i^rc 7; ih^ «ota; .2^. of Aie slo'ts heijs 
40 ^4iol to" aligued ^V^> ™ 

Thk attached nieDaber5:^ay he made 
6£ mate^ SifSAeitt fxHn iKai the 
hhide and thw ^re prcf^iahly Bo.ttttachccl 

49 that tHey can be Readily remoYfict or re- 

^^i^^kK allornative to fhe iintoedfately 
fttftce^inff conatructJon, <he roeanber for 
^ttaohment to the blades may. ho Wt 

50 of a series of thin platee or lamiaaa of 
metal, a, ^^ (eee SI and 32,) 
dfein^te platcsi s\ providing. Giere<iirired 
jiojicticmBV exaimple the fcaife-edged 

5& The plates inay be held togetheir by 
threading on a -srtreV sut^: as** 

This stractnre is particniarly con- 
venient for nae vitL tapped or twisted 
blades- li iltO lanuAAa aro.held together 

60 T>y d. flinfifle-wifc or Iilce as. described, 
passing thron^li all pi mm the vanone 
ilatcs oan lie rea^y adjnflted otf the wire 
to ac'ctanmodate thorn to the (jontou* of 
the blades. ■ i 

^ In the form ehown m 1*1^ res 3d cm" 



34, a number of holes, of obloni? foiTu 
are arranged as shown in Jtnctaposefl rela- 
tion to form noESjlee to diicct -wpiiter 
through the blade^ 'these holeo havinj^ in- 
diaijd ftnrfaccfl, d; eo thi^t knife-edges, e, 70 
e; axe foroied: , 

lb. Fkure ^ .the holes inan m the 
fedme direction as that of rotation ae Bhov» 
by the arrow, B, but in figures 85 end 
36j the hbles; «\ T^hJle maintaining their .75 
longer aie» paralleJ to that of the blade; 
5irc ihcUnea in one direciion and in 

Pignrea iJY and 38, the corresponding 
holes, IT*, are inclined in tho othei- direc - 

tion. ^ , ^ 

Any of the bomb-lite ctmctures above 

deiicribed may be prorided with i ahrona,. 

b; fsee. Fifft^es 59 ^d 40)\bo that the 

tbiiibed eds^e ffhd shi-ond together • fonit 

nozslcs, o^y, to direct water thro'nsrh the 85 

blfide€ 

To ohtiin the beat resnlta, ihe laiife- 
^dffes ^/r eqid^Kfits referrfed to abonJ^e 
shonia "be of an almost razar-lJcft nneness, 

Pi*eferably.tiicconib-liIce]&TOiecUons 90 
M cloaely Bitched as prartioecbTe and may 
cdnvenien-tiy be spaoed ^with a. pitch of 
from one tiurty-seoond tion^ .|%nt of pJi 
iifch biit wo do not limit oiiiiselves to this ... 
. range of pitcih. ^ 96 

Blad^ cpnstnioted in aecordancii itnix 
this in-vention eaiinct atrite > 7^™: 
p'aCrtidl© wiiH a en^faie nififial tb- 
direAtion oi the imSpaCt anjl it is p^ac- 
ticaSi- imitossihl^ for wregml&rly 
sliaped af op of watte to Siclose a ca^ty 
Ml the niifafce of a blade". - Ftifthdt, it 
Bnoh, va <iavity '^s^flro foiifed, . £he" water 
woitldf have auhsfcariJiany no velocity , 
xtormal to lio blade enrface to canse thfe 105 



tne iUiarp leaoing' eajs^ oi pfwjw^u.vj*o, 
(i will be cv± m t^o witlj^lil fiarm to the . 
pityjedtion; aind tKe' T^rate* will adh are to w3 
and icqnire the velocity of, tho hlado* or 
A -\^v.»^^^Mrf ^>;u;/^n tiiRTfwrf ' so* thflLl It 




ii5 



__n'jf ?Tt'^Tig 6n a sTLcceedi'ng 
high relative, velooiiyr 

Tf {he . width of ^tt© ffgooe hotworai 
at^'ent projeofiona is Fofficiently &nm; 
it wiE be impossihlo for. airy but. exceed- 
iagly flmaU water pajtfcila» to pass 
tiSo%h TSnfhoTit adbfef U10 to tifre ^rfaces., 320 
and these oxoeeding^Iy smflll^p^olea ?re 
lea&f haimfnl becanse of ttdtr small zicuass 
aftd becaxise they more readily a;cquire 
*p&e'd f rorS tKe stoanL Por iofft^c^^j a 
y.ery small paarticlfc, of X5«it^ p1^ng JK5 
tSron^h:' oErtjGi of . -Che .slots, wonld im- 
mediately enooxutiAr tHe cuxreni 6f steam 
eni^n^ the next hla^o pa'ftsa^, and be^ 
fore it cpnld.oaasnorpse to the. ifeit blade 
it wonld aoqrnxi^ SO mnoh Woeity in thtf *^ 
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dir&otiou ol the steum (low that it would 
meet the suriao^ ot thp. blade at a cojiA- 
pamtively acute angle. 
Moreover* wlieji- tUe filytsj iire sli^^Ltly 
5 iuclzxidd to ilie din^ction of movement of 
iJie bkde, it will be pi'actically impos- 
sible . for. ajiy water particles to paae 
throu^b without adhenxjg to tlie eur&ces 
of the projections. 

iO HaTiu^ now particularly desciibed aad 
ascertaiiied tJbi© nature of our said inveix- 
tioiL and in what n)<innei' the same is to 
be paiformad, we declare that what w« 
• clai^n is: — 

15 1. A txirbine blade, th^ leading suiiace 
oi which in the area liable to attack io 
so shaped as to cause break up of tlie 
water, parbidea^ thiiB avoiding blad& 
damage, sub&ia»tially a« and. fox tie pur- 

SO pose^ described. 

2. A turbine blad^ so confitmcied that 
the parts liable to etrike tlie wate^r 
particles LaT^ no surfaces perpendicular 
or substantially perpandiculgr to the 

25 'direction o{ movement of the blade or 
to th^ direction of impact with the water 
parttclcfi. .fiubstentially tts and for the 
purpose described^ 

3. A turbine blade a& claimed in 
90 Clauns 1 or 2, jxl wbicjx the area liable 

to eiosioji is provided with a series of 
jtixtapoee'd slots ox ^rmyves leaving inter^ 
yenii^ projections, subsiajiUaUy as and 
for the purpose dscribed, 
3& 4. A turbine blade a$. izlaimed in Claim 
3, in which the intervening projections 
arc kiriie^dged, aa by bfiTeiUiii^ substan- 
tially as ana* for purpose deaoribdd. * 

5. A tDhziie blade as Ah^vFTiiKT Claim 
4Q 4, in which the limit of the betvellingr 

extends to a point kss than the depth of 
thd alot or srxoove, aubstaxLtially as and 
for the purpose described. 

6. A turbine. b^A^ ^ claimed in Claim 

3, in whxch &e root£^ of the «lots or 
groQcves- are inclined to .the direction of 
impact with the water particles^ sabstan-* 
tiall^ as and for &q ihrrpoe desci^bed. 

' 7, A tuihine blade as claimad in. Claim 
^ 3, In which the tip&- of the proiecticnB 
are ^Sfipaed iix a nJane or in planes in- 
4dined to the dizeocoiL of impact with the 
water parlides, substantially «nd for 
the guxpose daaeiibfid. 
^ , 8. A tnilune hlade aa claimed in Claima 
j or ^, in which the area liable to erosion 
IB provided witOi ^ series of juxtErposed 
serrationa following the contour of the 
blade, &ubstaatiaILT as- and for the pur- 
^50 pose described. 

A 'turbine blade as claimed in Chiini 

4, IB which at least a part of the inife- 
^d^ng runs in a direction perpendiculiar 
to the movement of the blade, $ub$lan- 

^ tially as xmd.for ihe purpose desctribed. 



70 



75 



80 



90t 



95 



10. A turbiue blade las claimed in Claim 
3j in which the planes of Ihe dlots or 
j3proavc& are paxaHel to the axis of rota- 
tion of the rotor on which the bbide is 
mounted, aiid run at m an|?io eithei- from 
tip to root or from root to tip, subslan- 
tially aa and for the purpose described. 

11. A turbine blade ae claimed in Olain^ 
3, in which the planea of the slots or 
grooves are parallel to the direction of 
lUoUon oi the i*elevcint x>art of the blade 
and inclined to theaasie of I'lOtation, sub^ 
stantzaUy as and for the purpose de- 
scribed. 

12* A turbine blade 9» olAimed in Claim 
2, in which ihe planes of the slots or 
l^roovee ate inclined both to the a^d of 
rotation And also to the direction of 
motion of the blada tips, subatantially aa 
and for the purpose described. 

A turbine blade as claimed in 
Claims I or 2, in which a series of juifiia- 
p(^ed holes pa^s from face to face of Qie 
blade in that part liable to erosion, sub- 
atantially aa and for the purpoee de>- 
8ci£be.d« 

14. A turbine blade as claimed ha Claim 
13, in wbioh flie holes oonverige in the 
direction fxom the leading to the rear 
£aee ol the il^e, substantiany as and 
for the purpose desciibed. 

15- A turbine blade as ckdmed in Claim 
18, in whioh ihoee part» of tha blade 
between the holes^ or some oi such parts^ 
are knife-edged^ aa by count^inJdn^^ 100 
substantially aa and foi the- purpose de- 
ucribed- 

16. A turbine bJade as claimed in Claim 
13» in whidE ^ hoks are of «lon^t6d 
form and their longitudinal mediaiL 105 
planes are angled as cTai-med in relation 

to the slots or grooves in Claime 10 o> 
11^ SttbstantDolly and for the purpose 
described, 

17. A tufbine blade «b claimed in Claim U*^ 
13, in which the holes ate fonaed by 
slotting or grooiving and shrouding, sub- 
stantially as and far the puxpoea de- 
aczibed. 

18. A tmrbine blade ^ claimed in any 115 
of' the preceding daixas, in wKio¥ the 
ohaiacteristics ohiined are appBad only 

to the tip of the blade, substantially as 
and foY the purpose described* 

19. A turbine blade aa claimed in any 
of the precedi£i£f«C9aimsj. in- which .the 
ohai^ct^ristics claimed ate a.pplied'to a 
blade of the reaction type, substantially 
as and for the purpose described. 

20. A tcrbine - harin^ multiple" rings 123 
of blades, in which only the lafffe ring or 
the lost few-Tin^ have blades fdth the 
characteristics set forth in the preceding 
Claims. 'sul>e(iantia]ly as and for the pur- 
pose described. 



liao 
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A turbine bUdo as tlaimetl ia 

v. the i>o<ly itaeti of ilio blade l^nt to 
an uxUclmiQiit tkcreto, Biib^antiaJly ^ 
aud lor tlie purpose dcacaab^d. 

A turbine bkde as claimed in (^uim 

jiiiiaposed UminAft or plates *<> fom A 
10 cmiiM. sub8taiiti^ly as ^^nd for the pur^ 
pt,se ^^^'^e-^^^^^ ^j^^^^ ^ OoiDied in Cltiuii 
2:2 iu whiok iho laminae or plates rLre 
%7ired togethor, subsl;atttiaJly and lor 

Claiws 22 or 23. in which tae l)Udc i« of 
tapered oy twisted foxm, swtetaatially as 
and tor tlie ptupose desonbed- 
20 ^1 tarbiaV blade, aubstantially as 
hsTembofore deseribeS -with refeieDce to 
p£r« 1, 2 and 8 <if tlie aocumpany- 
inff drawinga. , . 

'S& WcinbBfore dascj^ea witji reference to 
^axcs 9, 10 and 11 of the aocoxapaay- 

'^Irf^ir^Jme blade, &ubata^iiaJIy afl 
hereiJXbef or& described witSr ref erein?ft to 
30 Figures 15 and 16 of the accompanymg 

turbina blade, sabstMitially as 
liereixibefoye described with refttrwicc to 
Figures IT and 18 of the aocompanyiPff 

hercinbetoe described witb reference to 
FijfUT^ 19 and 20 of the aceompajiying 

40 ***lo^l^ turbine blade, substantially es 
Lereanbofore do50T*ed with ref^wmce io 
Fi^ea 21 and 22 of the aecoaapanyuis 
drawings. 



A turbin« blade, sabstantially a» 
hci^ijxbcfore deccriJicd with l■e^ftrenc^« tu /t5 
J^igtires 23 and 24 ol the »ccowpa)\yingr 
dr^u^^^^^ blade, subBtanUally as 
hereinoefor^ dcaorxbcd fitJi relercnce to 
Fi-uri3s 25 and 2S oi the oeoompaixying: 50 

"^ir^'turbine blade, enbstanti^dly as 
hereinbefore described with refei-ence to 
FigTirea 27 and 2S «£ tha accompanyAWf? ^ 

^^^34^!f^itirbin6 Ll»do, anbatajitially as 
horainbefore described ^th reference, to 
Viffures 29 a^d 30 of the accompanying 

^^35^°f^tnrbmc blade, eubstantially a« 60 
heicinbefore deetsribed with reference to 
Fi^irea 31 taad 32 of Ihs acoompaJiyiniJ: 

"^irA^'turbine blade, snbstantially a& 
hereinbcfow described with xofex9nce_ to 65 
Fiffutes 33 and 34 oi th^ accompanying 

^'3?^F*tnrbino blade, snbstantially 
hereinbef<»?e described reference to 
Figure 35 and 36 of the aooompanyins 70 
drawings ' , 

38 A turbine blade, snbstantifitHy ^ 
hereinbafoiP© described with reference, to 
Pigoree 37 and 38 of &e accompanying ^ 

^^SS^^A^'turbine bl^de, substaniiaUy as 
hereinbefore described with reference to 
Figures 39 and 40 oT ike accompanyinff 

*^^^]Spr0ved turhine blad^ and im- 8* 
mH>ved" xoiora and ttctbiiwa fitted with 
such bladea, flubstJantiafly j» for the 
purpose hereuLbefore doscMcd, 

Dated thie 15th ^J^^O^^^^^-' 
MATCKS & CLERK. 



AedbQl! Printed ^or Bis^M^i^l^a Stattonery Office, x-ive « Matonsiin, I*a^lfl3U 



PA(£69l94'RCVDATm068:16:5fP^^ 




PAGE 7(in4'R(»D ATffi9l200S8:16:58 m [Eastern DayligMTiine]'SVR:^^^^ 



AUG. 9. 2006 8:42PM MHK LAW 1 202 543 6406 



NO. 1474 P. 71 



2 SHEETB 




i29. TH^^l. Ili§.33. B§.35. 




PAGE 71/94'RCVDAT»9I2006 8:16:58 PM[EastemDayligli(Tline]'SVR:USP^^^ 




PAfiE72/94'RCVDATmil68:16:58PM [Eastern Daylight riine]'SVR:U8PT0{^ 



AUG. 9.2006 8:43PM MHK LAW 1 202 543 6406 



NO. 1474 P. 73 



^A7.1^8 COMPLETE SPEOlFlCATlON 




PAGE 73f94'RCVDATSI9l2006 8:16:58 PM [Eastern DayligMTiine]'SVR:USPTO{F^^ 



AUG. 9.2006- 8:43PM ' MHK LAW 1 202 543 6406 



NO. 1474 



P. 74 



g/f££7 ] 








CliaHe9:&ftc3d ltd, PhtXo Utbo. 



PAGE74I94'RCVDAT8SI2006 8:16:58 PM [Eastern Daylight Timel'SVR:^^^^ 




to 



PII(X7SI94'R(^AT8I9/2I)06 8:16:58 PM[EastemDayligMTiine]'SVR:U8^^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□/iNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



